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PROBLEM TO BE SOLVED: To reduce the dispersion of a heater resistance value by forming a heater 
pattern on the surface on the transporting tape side of a green sheet in the manufacturing process of a 
ceramic heater, wherein the green sheet is formed on the transporting tape by means of a doctor blade 
method and the heater pattern is printing on the green sheet and baked. 

SOLUTION: When a first green sheet 13 is formed, a heater pattern 15 having a thickness of 25 &mu m 
is formed by performing paste printing on a surface (restraining surface) 13a that was on the 
transporting tape side by the use of tungsten paste. A heater pattern 15 composed of a heat generating 
pattern 16 a positive electrode side terminal pattern 17a. a negative electrode side terminal pattern 17b 
and lead patterns 18a. 18b is printed in the form of a thick film by having the restraining surface 13a face 
upward The surface roughnesses of the restraining surface 13a and the other surface (free surface) are 
about 0.6-1.5 &mu m and 4.1-5.4 &mu m. respectively. Since the heater pattern is formed on the surface 
having the smaller surface roughness, a printed thickness which is close to a target value can be 
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[Title of the invention] 

METHOD FOR PRODUCING CERAMIC HEATER 
[Abstract] 

[Object]: To provide a method for producing a ceramic heater capable of 
suppressing dispersion of heater resistance value. 

[Configuration]: In a method for producing a ceramic heater, comprising: 
producing a green sheet on a transporting tape by a doctor blade method; 
printing a heater pattern on the green sheet; and firing the resultant, a 
heater pattern 15 is formed on a face (specified face) 13a among both faces 
of a first green sheet 13 in a transporting tape 32 side. 

[Claims] 

1. A method for producing a ceramic heater, comprising: 
producing a green sheet on a transporting tape by a doctor blade 

method; 

printing a heater pattern on the green sheet; and 
firing the resultant, wherein 

the heater pattern is formed on a face in the transporting tape side 
among both faces of the green sheet. 

2. The method for producing a ceramic heater according to claim 1, 
wherein 

the surface roughness of the face of the green sheet in the 



transporting tape side is 2.0 pm or less. 

3. A method for producing a ceramic heater, comprising: 
producing a green sheet; 

printing a heater pattern on the green sheet; and 
firing the resultant, wherein 

the heater pattern is formed on a face having the surface roughness 
of 4.0 |im or less among both faces of the green sheet. 

4. The method for producing a ceramic heater according to claim 3, 
wherein 

the green sheet is formed on a transporting tape by a doctor blade 
method. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a method for producing a ceramic 
heater used for an oxygen sensor for automobiles, a glow system, 
semiconductor heating, a kerosene-fueled fan heater and the like. 
[0002] 
[Prior Art] 

Conventionally, in an oxygen sensor, for example, a flat or a 
cylindrical ceramic heater has been used for heating a detection element of 
the sensor. For example, a cylindrical ceramic heater is a heater produced 
by rolling a green sheet in which a heater pattern is formed on the surface of 



a cylindrical ceramic substrate (ceramic insulating tube) made of, for 

example, alumina and integrally firing the resultant. 

[0003] 

The above-described ceramic heater is generally produced by the 
following procedures (1) to (3) (see Japanese Unexamined Patent 
Publication Nos. 1-225087 and 4-329291). 

(1) At first, a belt-like green sheet is continuously produced by using, 
as a raw material, a slurry containing a main component, for example, 
alumina by a doctor blade method. 

[0004] 

(2) Next, after the green sheet is cut in a prescribed size, using a 
paste containing a high melting point metal, for example, tungsten or the 
like, a heater pattern is formed on the green sheet by thick layer printing by 
a paste printing method such as screen printing or the like. 

(3) Then, the green sheet in which the heater pattern is formed is 
laminated on the surface of a ceramic substrate and integrally fired. 
[0005] 

[Problems to be Solved by the Invention] 

However, in the case of producing a ceramic heater by the 
above-mentioned method, when the heater pattern is formed on a green 
sheet by a paste printing, the printing thickness of the heater pattern 
becomes uneven in some cases. As a result, the heater resistance value 
after firing becomes different from an intended value and results in a 
problem that dispersion of the heater resistance value is significant. 
[0006] 
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The present invention is achieved in consideration of the 
above-mentioned problems, and an object thereof is to provide a method for 
producing a ceramic heater by which dispersion of the heater resistance 
value can be suppressed. 
[0007] 

[Means for Solving the Problems] 

In order to achieve the above object, according to the invention of 
claim 1, a method for producing a ceramic heater, comprises: producing a 
green sheet on a transporting tape by a doctor blade method; printing a 
heater pattern on the green sheet; and firing the resultant, wherein the 
heater pattern is formed on a face in the transporting tape side among both 
faces of the green sheet. 
[0008] 

In the present invention, among both faces of the green sheet, the 
heater pattern is formed in the face in the transporting tape side. Since 
the face of the green sheet in the transporting tape side is a face where a 
raw material slurry is to be brought into direct contact with the 
transporting tape and to be like a sheet by drying thereafter in the case of 
producing a green sheet by a doctor blade method, the surface roughness of 
the face in the transporting tape side should be sufficiently low as same as 
the surface of the transporting tape. 
[0009] 

Therefore, in the case where a heater pattern is formed in the face of 
the green sheet in the transporting tape side by printing (paste printing), 
the printing thickness can be made even. As a result, the heater resistance 
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value after firing can be easily made close to an intended value and, thus, 
the dispersion of the heater resistance value can be suppressed. 
[0010] 

According to the invention of claim 2, in the method for producing a 
ceramic heater according to claim 1, wherein the surface roughness of the 
face of the green sheet in the transporting tape side is 2.0 jjm or less. In 
the present invention, with respect to the green sheet, the surface roughness 
in the transporting tape side is specified. That is, in the case where the 
surface roughness is as defined roughness or less, the surface of the green 
sheet is sufficiently smooth, the printing thickness is made further even and 
accordingly, the heater resistance value can be made closer to the intended 
value and the dispersion of the heater resistance value can be lowered more. 
[0011] 

According to the invention of claim 3, a method for producing a 
ceramic heater, comprising: producing a green sheet; printing a heater 
pattern on the green sheet; and firing the resultant, wherein the heater 
pattern is formed on a face having the surface roughness of 4.0 pin or less 
among both faces of the green sheet. 
[0012] 

In the present invention, the heater pattern is formed in the face 
having the surface roughness of 4.0 \xm or less among both faces of the green 
sheet. That is, by forming the heater pattern in the face of a green sheet 
having the surface roughness of 4.0 jxm or less, the printing thickness can be 
made even and as a result, the heater resistance value can be easily made 
close to an intended value and, thus, the dispersion of the heater resistance 



value can be suppressed. 
[0013] 

According to the invention of claim 4, in the method for producing a 
ceramic heater according to claim 3, wherein the green sheet is formed on a 
transporting tape by a doctor blade method. The present invention 
exemplifies a method for forming a green sheet in claim 3 of the present 
invention. In the present invention, since the green sheet is formed on the 
transporting tape by the doctor blade method, the surface roughness in the 
transporting tape side can be lowered. Accordingly, the printing thickness 
can be made even and, as a result, the heater resistance value can be made 
close to an intended value; thus, the dispersion of the heater resistance 
value can be suppressed. 
[0014] 

Herein, the surface roughness stands for Ra (arithmetic means 
deviation) defined by JIS B0601 (1994). It is noted that the cut-off value 
and the evaluation length are standard values of JIS. Further, as the 
heater pattern, those including lead patterns and terminal patterns can be 
exemplified, however those significantly affect the heater resistance value 
are heat radiation patterns, so that it is important that a heat radiation 
pattern is formed in the face (the face in the transporting tape side and the 
face with a surface roughness of a prescribed value or lower) as described in 
claims 1 to 4. 
[0015] 

An example of the green sheet includes a material containing mainly 
alumina (AI2O3). Examples of the material of the heater pattern include 



high melting point materials such as platinum (Pt), rhodium (Rh), 

molybdenum (Mn), tungsten (W) and the like. 

[0016] 

[Examples of the Invention] 

Hereinafter, examples of the method for producing a ceramic heater 
of the present invention will be described. 
(Example) 

(1) At first, the structure of a ceramic heater to be produced by a 
method of this example will be described. 
[0017] 

As illustrated in Fig. 1, the ceramic heater of this example has a 
rod-like shape and comprises a first ceramic layer 3 and second ceramic 
layer 4 of mainly alumina laminated on the circumference of a cylindrical 
ceramic substrate (alumina insulating tube) 2, and a heater part 5 made of 
mainly tungsten arranged between the first ceramic layer 3 and second 
ceramic layer 4. 
[0018] 

The heater part 5, as disassembly shown in Fig. 2, is formed of a 
heat generation part 6 winding many times at the tip end side of the 
ceramic heater 1, an anode side terminal part 7a and a cathode side 
terminal part 7b arranged in the rear end side of the ceramic heater and 
connected to an electric power source side, and a pair of lead parts 8a and 8b 
connecting the heat generation part 6 and the terminal parts 7. 
[0019] 

Further, electric conductive parts 9a and 9b are formed in the first 



ceramic layer 3, corresponding to the respective lead parts 8a and 8b. The 
electric conductive parts 9a and 9b are those formed by forming conductive 
layers in the inner surface of through holes of the first ceramic layer 3. 
Further, in the side of the electric conductive parts 9a and 9b on the 
opposite to the heater part 5, an anode side terminal 10a and a cathode side 
terminal 10b to be connected to the respective terminal parts 7a and 7b are 
formed by the respective electric conductive parts 9a and 9b. 
[0020] 

(2) Next, a method for producing a ceramic heater will be described. 
The ceramic heater is produced by firing the foregoing first ceramic layer 3, 
second ceramic layer 4, heater part 5, heat generation part 6, anode side 
terminal part 7a, cathode side terminal part 7b, lead parts 8a and 8b, anode 
side terminal 10a, and cathode side terminal 10b by firing the first green 
sheet 13, the second green sheet 14, the heater pattern 15, the heat 
radiation pattern 16, the anode side terminal pattern 17a, the cathode side 
terminal pattern 17b, lead patterns 18a and 18b, the anode side terminal 
patterns 20a, and the cathode side terminal patterns 20b; therefore, 
descriptions will be given using Fig. 2. 
[0021] 

(a) Production of green sheet 

At first, fine powders such as an AI2O3 powder (purity 99.9%, 
average particle diameter 1.8 Mm), a Si02 powder as a sintering aid (purity 
99.9%, average particle diameter 1.4 urn), a CaCC>3 powder to be CaO 
(purity 99.9%, average particle diameter 3.2 Jim), a MgC0 3 powder to be 
MgO (purity 99.9%, average particle diameter 3.2 \un) and if necessary, "a 
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Y2O3 powder were mixed in a prescribed ratio (for example, 90 parts by 
weight of an AI2O3 powder, 5 parts by weight of a Si02 powder, 3 parts by 
weight of a CaCC>3 powder, and 2 parts by weight of a MgCOs powder) to 
obtain a mixture. 
[0022] 

Next, to 100 parts by weight of the mixture, 8 parts by weight of 
polybutyl vinyral, 4 parts by weight of dibutyl phthalate, and 70 parts by 
weight of methyl ethyl ketone and toluene are added and mixed by a ball 
mill to obtain a slurry. After that, the slurry is subjected to defoaming in 
vacuum and the first green sheet 13 with a thickness of 0.3 mm and the 
second green sheet 14 with a thickness of 0.20 mm are produced by a doctor 
blade method. 
[0023] 

Herein, the doctor blade method will be described. 

The doctor blade method is, as shown in Fig. 3(a), a method for 
adjusting the thickness of a slurry 33 by a blade 34 with a shape of a column 
of which a portion is cut in the axial direction, in the case the slurry 33 is 
poured on and supplied to a transporting tape 32, which is a film made of a 
synthetic resin, from a container 31. 
[0024] 

The slurry 33 arranged above the transporting tape 32 forms a 
belt-like green sheet 35 by properly evaporating the methyl ethyl ketone 
and toluene by an unillustrated drying apparatus while the transporting 
tape 32 being moved. The green sheet 35 is rolled by a rib 36 after being 
parted from the transporting tape 32. 
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[0025] 

After that, the belt-like green sheet 35 is pulled out the rib 36 and 
cut in prescribed shapes. Practically, as shown in Fig. 3(b), it is cut into 
approximately square shapes so as to form a plurality of heater patterns 15 
and at the points where the respective terminal patterns 17a and 17b are to 
be formed, the respective through holes 21a and 21b are formed. 
[0026] 

After that, a plurality of heater patterns 15 are formed at once the 
foregoing respective green sheets with approximately square shapes and 
each green sheet is to be cut corresponding to each heater pattern 15. 
Hereinafter, in order to make the description clear, a case where a heater 
pattern 15 is printed on the first green sheet 13 alone will be described. 
[0027] 

It is noted that the second green sheet 14 is also produced by an 
approximately similar doctor blade method except that the thickness is 
different and the through holes 21a and 21b are not formed. 

(b) Production of tungsten paste 

With respect to 100 parts by weight of a mixture obtained by mixing 
tungsten powder (average particle diameter 1.5 pm) and if necessary, an 
AI2O3 powder (average particle diameter 1.5 |im) and a Re powder (average 
particle diameter 1.5 Jim) in a prescribed ratio (for example, 90 parts by 
weight of a tungsten powder and 10 parts by weight of an AI2O3 powder), 5 
parts by weight of polyvinyl butyral, 20 parts by weight of butyl carbitol 
acetate, and 70 parts by weight of acetone were added and mixed by a ball 
mill to obtain a slurry. After that, the acetone was removed by drying to 
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obtain a tungsten paste with a prescribed ratio. 
[0028] 

(c) Printing of heat radiation pattern 

At the time of forming the first green sheet 13 by the foregoing 
doctor blade method, using the tungsten paste produced in the 
above-mentioned manner, paste printing was carried out on the face in the 
transporting tape side (hereinafter, also referred to as the specified face 13a; 
the rear side in Fig. 2). Accordingly, the heat pattern 15 with a thickness of 
25 Jim was formed. 
[0029] 

That is, while keeping the specified face 13a of the first green sheet 
13 upward (however, in Fig. 2, the face to be downward at the time of 
pressure bonding), thick film printing (screen printing) of the heater pattern 
15 composed of the heat radiation pattern 16, the anode side terminal 
pattern 17a, the cathode side terminal pattern 17b, and lead patterns 18a 
and 18b was carried out using a mask (not illustrated) made of a metal 
having through holes with a shape of the heater pattern 15. 
[0030] 

Herein, the surface roughness of the specified face 13a of the 
foregoing first green sheet 12 was about 0.6 to 1.5 |im. Further, the surface 
roughness of the other face (hereinafter, also referred to as the free face 13b; 
the upward face in Fig. 2) was about 4.1 to 5.4 |jm. 

(d) Production of ceramic formed body 

Next, at the prescribed positions, that is, the points corresponding to 
the through holes 21a and 21b, of the free face 13b of the first green sheet 
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13, screen printing was carried out using a tungsten paste similar to that 
described above to form the anode side terminal pattern 20a and the 
cathode side terminal pattern 20b by thick film printing. 
[0031] 

After that, to the surface on which the heater pattern 15 was printed 
on the first green sheet 13, the second green sheet 14 was laminated by 
pressure. Following that, an alumina paste (a common base) was applied 
to the other surface (the downward face in Fig. 2) of the second green sheet 
14 and the second green sheet 14 was wound around an insulating tube 2 
made of alumina while the coated face being set face to the alumina 
insulating tube 2 and the outer circumference was pressurized to obtain a 
ceramic heater formed body. 
[0032] 

(e) Firing of ceramic heater formed body 

The ceramic heater formed body obtained in the above-mentioned 
manner was heated at 250°C for removing the resin and then, the formed 
body was fired at 1550°C for 1.5 hours in hydrogen atmosphere in a furnace 
to obtain a ceramic heater 1 in which the first and the second ceramic layers 
3 and 4, the heat generation part 5, both terminal parts 20a and 20b, and 
the alumina insulating tube 2 were united together. 
(Experimental Examples) 

Next, experimental examples carried out in order to confirm the 
effects of the present invention will be described. 
[0033] 

(1) At first, according to the production method of the 
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above-mentioned Example, the first green sheet was produced and the 
surface roughness of their specified faces was measured. Further, heater 
patterns were printed on the specified faces of the first green sheets and the 
printing thickness was measured. Furthermore, the heater resistance 
value of each ceramic heater was measured after the firing. Then, the 
printing thickness and the dispersion of the heater resistance values (the 
differences between the maximum values and the minimum values) were 
investigated. The results are shown in the following Table 1. 
(Sample Nos. 1 to 3 of Examples) 
[0034] 

The surface roughness of the foregoing specified faces and the 
printing thickness were measured by "Surf Coder SE-2300, a surface 
roughness measuring apparatus, manufactured by Kosaka Kenkyusho". 
The intended value of the printing thickness is 24 \im. 

The heater resistance value was measured by measuring the 
resistance between both terminals by employing a resistance measuring 
apparatus. The intended value of the heater resistance value is 4.5 fi. 
[0035] 

(2) Similarly, the first green sheets were produced and the surface 
roughness of their free faces was measured. Further, the heater pattern 
was printed on the free face of each first green sheet and the printing 
thickness was measured. Further, after firing, the heater resistance value 
of each ceramic heater was measured. Then, the dispersion of the printing 
thickness and the heater resistance values was calculated. The results are 
shown similarly in the following Table 1 (Sample Nos. 4 to 6 of the 
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[0037] 

As being made clear from Table 1, in the case of the production 
methods of Examples within the scope of the present invention (Sample Nos. 
1 to 3), the surface roughness of the specified faces of the first green sheet 
was low and the dispersion of the printing thickness and the heater 
resistance values was narrow and therefore they were preferable. Further, 
in the case of Examples, with respect to both of the printing thickness and 
the heater resistance values, their average values were same as the 
intended values and also from this point, they were preferable. 
[0038] 

On the contrary, in the case of Comparative Examples (Sample Nos. 
4 to 6), the surface roughness of the free face of each first green sheet was 
high and the dispersion of the printing thickness and the heater resistance 
values was broad and therefore they were not preferable. Further, in the 
case of Comparative Examples, the average of the printing thickness 
significantly exceeded the intended value and therefore, the average of the 
heater resistance values was considerably lower than the intended value 
and accordingly, they were not preferable. It is noted that the reason for 
that the average of the printing thickness significantly exceeded the 
intended value could be supposed to be because the surface roughness in the 
free faces was high. 
[0039] 

As described above, with respect to a method for producing a 
ceramic heater of the present invention, since the heater pattern is formed 
in the specified face of the first green sheet, that is, the face with low surface 
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roughness, the printing thickness and the heater resistance value close to 
their intended values. Accordingly, the present invention provides 
remarkable effects that the dispersion of the printing thickness can be 
narrowed and that the dispersion of the heater resistance value can be 
lowered. 
[0040] 

The present invention is not at all specified to the foregoing 
Examples and it is no need to say that any modifications and variations can 
be made within the scope of the present invention. 

(1) For example, although the ceramic heaters produced in the 
foregoing Examples were cylindrical ones, plate type ceramic heaters may 
be produced. 

[0041] 

(2) Further, as a ceramic substrate, a column-like (for example, 
cylindrical) one having a hole communicated to both ends, a column-like (for 
example, cylindrical) one having one end closed, or a pillar-like (for example, 
column-like) one having no hole can be employed. 

[0042] 

[Effects of the Invention] 

As described above in details, in claims 1 and 2, since the heater 
pattern is formed in a face in the transporting tape side among both faces of 
the green sheet, the printing thickness can be made even. Accordingly, the 
heater resistance value after firing can be close to an intended value and the 
dispersion of the heater resistance value can be lowered. 
[0043] 
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In claims 3 and 4, since the heater pattern is formed in a face having 
the surface roughness of 4.0 \xm or less among both faces of the green sheet, 
the printing thickness can be made even. Accordingly, the heater 
resistance value after firing can be close to an intended value and the 
dispersion of the heater resistance value can be lowered. 
[Brief Description of the Invention] 

Fig. 1 is a perspective view showing a ceramic heater with some 
portions being ruptured. 

Fig. 2 is a perspective view showing a ceramic heater being 
disassembled. 

Figs. 3(a) and 3(b) illustrate a method for producing a ceramic 
heater. More specifically, Fig. 3A illustrates a doctor blade method and Fig. 
3B illustrates a method for cutting a green sheet. 
[Explanation of the Symbols] 
1: ceramic heater 
3: first ceramic layer 
4: second ceramic layer 
5: heater part 
6: heat generation part 
13: first green sheet 
14: second green sheet 
15: heater pattern 
16: heat generation pattern 
32: transporting tape 
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Translation of the words at Upper left portion in Fig. 2 
FACE (REAR FACE) IN TRANSPORTING TAPE SIDE 
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